Abstract-This paper addresses the problem of controlling Kr = Rotor external damping (Nm/rad sec);
regions and a nonminimum phase in the other one. A sliding T mode control strategy is then proposed to ensure stability in both K = Turbine total external damping (Nm/rad see); operation regions and to impose the ideal feedback control Br = Rotor external stiffness (Nm/rad sec); solution despite of model uncertainties. The proposed sliding Bg = Generator external stiffness (Nm/rad sec); mode control strategy presents attractive features such as Bt = Turbine total external stiffness (Nm/rad sec).
robustness to parametric uncertainties of the turbine and the generator as well as to electric grid disturbances. The proposed sliding mode control approach has been simulated on a 1. 5 tipspeed atio Hence, regulation of the power produced by the generator (i.e. Fig. 4 . Wind turbine power and torque coefficients [7] . the output power) is usually intended and this is the main objective of this paper.
Normally, a variable speed wind turbine follows the Cpmax to capture the maximum power up to the rated speed by varying II. WIND TURBINE MODELING the rotor speed to keep the system at Xo. Then it operates at the rated power with power regulation during high wind The global scheme for VS-WECS is given by Fig. 2 . The periods by active control of the blade pitch angle or passive system modeling is inspired from [4] [5] . Moreover, a fixed regulation based on aerodynamic stall [6] . pitch variable speed wind turbine, which is considered in this The rotor power (aerodynamic power) is also defined by paper, could be schematically represented by Fig. 3 .
The aerodynamic power Pa captured by the wind turbine P =OrI (3) is given by
It comes then that the aerodynamic torque is given by C'p represents the wind turbine power conversion efficiency. It is a function of the tip speed ratio X, as well as the blade pitch T7 ! 7pR3C (k)V2 (5) angle : in a pitch controlled wind turbine. X is defined as the 
Tg nem
Since the external stiffness B, is very low, it can be Region 2 -operating at variable speed/variable tip-speed neglected. We will then use the following simplified model ratio. Region 3 -operating at variable speed/constant power. for control purposes. Figure 5 is then given for illustration in the case of a wind turbine producing a maximum power of 800-kW at a rated Pg -Tg(J)r (11) uncertainties inherent in the system, such a control methods comes at the price of poor system performance and low reliability [4] . So the need for nonlinear and robust control to III. ROBUST CONTROL DESIGN take into account these control problems.
A. Problem Formulation Wind turbines are designed to produce electrical energy as B. The Proposed Control Strategy cheaply as possible. Therefore, they are generally designed so The proposed generator power control strategy that takes that they yield maximum output at wind speeds around 15 into account the above discussed problems is shown by Fig. 6 . m/sec. In case of stronger winds, it is necessary to waste part This strategy is based on a dynamical robust sliding mode of the excess energy of the wind in order to avoid damaging controller. Indeed, sliding mode control is one of the effective the wind turbine. All wind turbines are therefore designed nonlinear robust control approaches since it provides system with some sort of power control. This standard control law dynamics with an invariant property to uncertainties once the keeps the turbine operating at the peak of its C,p curve. system dynamics are controlled in the sliding mode [9] . It has been previously applied in the case of wind driven induction The adopted scheme uses an adaptive gain that increases 27pR pt as long as the power tracking error is not equal to zero.
where Xopt is the optimal tip speed ratio. Using the available blocks from the Wind Turbine Blockset, the proposed strategy has been implemented as with B = ,then we obtain schematically illustrated by Fig. 9 . It should be noticed that for simulation convenience the gearbox ratio of about 84 was =r-Tge r -(B(t) + A) sgn(-P ) (15) not taken into account. 2 2 It is not difficult to see that its time derivative will satisfies In order to avoid the chattering phenomena introduced by the function sgn(.), we will use the following approximation. 02
sgrn(c ) = Where a0 is small positive constant. A practical consequence
Simulations wind inflow (Fig. 10) consists of 10 min data of this approximation is that no chattering will be produced in set of full-field turbulent wind. This turbulent wind data was the generated torque. This will prevent from increased generated using the Class A Kaimal turbulence spectra. It has mechanical stress due to strong torque variations, a mean value of 16 in/sec [15] . Scanming the simulation results, one should conclude that r the wind turbine control is satisfactory. Indeed, very good z 5 f power tracking and regulation performances are achieved as clearly shown by Fig. 11 . In this case, convergence is very fat CD to the power reference. Moreover, the generator torque is very @ L smooth with no chattering (Fig. 12) (Fig. 17) . The rotor speed is 
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The proposed sliding mode control approach has been simulated on a 1. 
